The free-living infective juveniles of entomopathogenic nematodes are ensheathed in the retained cuticle from the previous moult. Desiccation tolerance is essential for persistence in a soil environment and the sheath may have a protective function. We evaluated the role of the sheath in the desiccation tolerance of two species of entomopathogenic nematodes, Steinernema carpocapsae and Heterorhabditis bacteriophora. The sheath of H. bacteriophora was critical for survival at 97% relative humidity with 80.9% of sheathed infective juveniles surviving after 21 d versus 20.0% and 6.3% for exsheathed and chemically desheathed nematodes respectively. The sheath did not influence S. carpocapsae survival after 21 d at 97% relative humidity. In sand assays at 2, 4, 8 and 16% moisture levels, desheathed H. bacteriophora caused significantly less Galleria mellonella mortality than sheathed H. bacteriophora. No differences were found between the three S. carpocapsae treatments or sheathed H. bacteriophora. Our results indicate that the sheath plays an important role in desiccation tolerance of H. bacteriophora but has no effect on tolerance of S. carpocapsae.
Entomopathogenic
nematodes from the families Steinernematidae and Heterorhabditidae have great potential as biological control agents of agricultural pests (see Gaugler & Kaya, 1990) . Two species, Steinernema carpocapsae and Heterorhabditis bacteriophora, are the focus of a substantial portion of the research conducted to date. These species share many of the same traits including similar life-cycles, wide host ranges, and symbiotic relationships with Xenorhabdus bacteria. Recent work has emphasized the use of these nematodes in their natural reservoir, the soil. However, understanding of their behavior in the soil is deficient (Gaugler, 1988) and hinders their effective use. Survival under low moisture conditions is essential for the persistence of entomopathogenic nematodes in the soil. The soil environment is characterized by rapid desiccation on the surface and gradual desiccation within the soil. Simons & Poinar (1973) emphasized the importance of using gradual desiccation techniques when testing tolerance of nematodes, thus simulating the type of desiccation encountered within the soil environment. S. carpocapsae has been shown to survive low relative humidities (RH) resulting from gradual desiccation (Simons & Poinar, 1973; Kung et al., 1990a; Womersley, 1990) 1989; Epsky et al., 1988) and may offer protection against some abiotic factors. Womersley (1990) speculated that the sheath of S. carpocapsae enhances survival during desiccation by acting as a barrier to slow water loss. The desiccation tolerance of S. carpocapsae and H. bacteriophora may be improved by the presence of the sheath and the degree of benefit may be affected by properties of the sheath e.g., S. carpocapsae has a loose fitting sheath while H. bacteriophora has a tighter fitting sheath (Campbell & Gaugler, 1991) . This study was designed to evaluate the role of the sheath in desiccation tolerance of S. carpocapsae and H. bacteriophora, testing Womersley's (1990) hypothesis.
MATERIALS AND METHODS
Steinernema carpocapsae (All strains) and Heterorhabditis bacteriophora (HB 1 strain) were reared according to Dutky et al. (1964) . Nematodes were stored at 25°C for 1 wk prior to use and separated into three groups; sheathed, desheathed and exsheathed (Campbell & Gaugler, 1991) . Untreated infective juveniles of each species represented the sheathed (control) group having 5-10% exsheathment.
Desheathed nematodes were obtained by applying them to a 5.0 !lm membrane filter, removing free fluid by vacuum, and covering with 1 9lo sodium hypochlorite solution (NaOCI) for 5 min. This was followed by a 1 min deionized water rinse. This method resulted in 98-100 % sheath removal. Exsheathed S. carpocapsae were obtained by movement through a barrier. The barrier consisted of a single sheet of 9 cm diam filter paper (Fisher P8) suspended over a Petri dish bottom (60 x 15 mm) containing deionized water, with the center of the paper contacting the water surface. Nematodes were applied to a 5.0 ym membrane filter and all free fluid was removed by vacuum.
The membrane filter was inverted and placed on top of the filter paper. Nematodes migrating through the filter paper and into the water reservoir were 95% exsheathed.
The barrier method proved ineffective for exsheathing H. bacteriophora. However, storage for 1 wk at 25 ° C increases exsheathment of H. bacteriophora and the sheathed and exsheathed infective juveniles can be separated using the filter paper method previously described -with the sheathed moving through the barrier and 96-100 % exsheathment in those infective juveniles remaining above. Desiccation at 97% Relative Humidity. The survival and pathogenicity of sheathed, desheathed, and exsheathed infective juveniles were compared when desiccated slowly at 97 % RH in chambers prepared according to Kung et al. (1990a) . Briefly, a 13 %'o glycerin solution was prepared according to Stakman (1968; from Simons, 1973 ) and added to plastic shoe boxes containing support plates. The boxes were sealed and equilibrated by incubating at 20°C for 1 wk. Infective juveniles (ca. 50, to prevent clumping) were applied to a 47 mm 4.5
